ABSTRACT: Primiparous and multiparous sows received a single dietary supplement of either Ltyrosine, L-phenylalanine, or L-glutamate in their feed on the day after weaning and effects on various reproductive traits were evaluated in three experiments. In Exp. 1 and 2, sows received either 0 (control; n = 22 and 64, respectively) or 100 mg of Ltyrosinekg BW ( n = 24 and 62, respectively) on the day after weaning. In Exp. 1, days from weaning to estrus (5.5 _+ .3 vs 5.3 _+ .3 d ) and ovulation rate (15.6 k .9 vs 15.6 k 1) were similar in control and tyrosinesupplemented sows. In Exp. 2, interval from weaning t o estrus was extended ( P < .01) in tyrosinesupplemented sows (6.4 ? .5 d ) compared with controls (4.5 + .5 d ) , but this was due t o long return
Introduction
L-tyrosine is the substrate for synthesis of various catecholamines in the brain. Discovery of increased concentrations of catecholaminergic and serotoninergic neurotransmitters in the brain after feeding various amino acids led to the elucidation of a relationship between nutrient intake, plasma concentrations of amino acids, and neurotransmission in rats kontribution no. 92-291-5 of the Kansas Agric. Exp. Sta. and paper no. 19823 , suggesting that brain function could be modified by altering the supply of amino acids that are precursors for synthesis of neurotransmitters (Wurtman, 1982 (Wurtman, , 1988 . Rats supplemented with 100 mg of L-tyrosinekg BW at late diestrus had 3.4 more pups per litter than untreated controls (Hammerl and Muller, 1988) . Similar work in sows also demonstrated increased size of litters from sows that had received a single supplementation of 100 mg of L-tyrosinekg BW on the day after weaning (Hammerl and Russe, 198713; Able, 1988) . In contrast, in a large, multi-location field study, using similar experimental conditions as in previous studies, litter size of sows treated with Ltyrosine was similar to that of controls, but tyrosinesupplemented sows showed estrus 2 d earlier than controls (Gindele and Koppen, 1989) . Our objective was to determine whether a single dietary supplement of L-tyrosine, L-phenylalanine (precursor of tyrosine), or L-glutamate (nonspecific nitrogen source) on the day after weaning would alter reproductive performance in sows. 
Materials and Methods

Experimental Design
Three experiments involving primiparous and multiparous sows were conducted at two locations in Kansas and three locations in Minnesota. Composition of each diet is illustrated in Table 1 (before amino acid supplementation), including the calculated dietary percentages of lysine, tyrosine, phenylalanine, and total aromatic amino acids. I n Exp. 1 and 2, sows were given either 0 or 100 mgkg BW of L-tyrosine (Lonza, Fairlawn, N J ) as a single dose mixed with their daily gestation diet (1.8 kg) 24 h after litters were weaned. Detection of estrus occurred at least once daily with a boar in all experiments. Interval to estrus was defined as the time from weaning until the first observed standing estrus.
Experiment 1 was conducted at the Kansas State University Swine Teaching and Research Center with two farrowing groups ( 3 5 primiparous and 11 multiparous Yorkshire x Duroc sows) balanced for parity and assigned randomly to receive L-tyrosine ( n = 24) or to serve as unsupplemented controls ( n = 22).
Interval from weaning to estrus was monitored in all 46 sows. On d 5 to 15 after standing estrus, laparotomy was performed as described previously (Rhodes et al., 19911 , and corpora lutea were counted in both ovaries of 15 sows fed tyrosine and 18 control sows. Not all 46 sows underwent laparotomy because of constraint of resources and lack of obvious treatment difference s.
Experiment 2 was conducted in cooperation with a Kansas swine producer and involved both primiparous and multiparous sows (DeKalb Hybrid Line 31); 64 sows served as unsupplemented controls and 62 sows received L-tyrosine. The daily dose of tyrosine was mixed into .5 kg of grain sorghum and top-dressed Table 2 . Days from weaning to estrus and number of corpora lutea in sows supplemented with L-tyrosine (100 mg/kg BW) on the day after weaning (Exp. 1) Treatment Days to estrusa NO. of corpora luteab Control 5.5 f .3 ( n = 21) 15.6 f .9 ( n = 18) Tyrosine 5.3 f .3 ( n = 24) 15.6 5 1.0 ( n = 15)
aInterval from weaning to first observed estrus. One control sow that failed to exhibit estrus by 14 d after weaning was excluded.
bNumber of corpora lutea was determined by laparotomy on d 5 to 15 after first detected estrus and breeding. over the remaining diet (total of 1.8 kg). The two groups were balanced for parity and assigned randomly to treatment. Data collected at estrus and subsequent farrowing included days from weaning to estrus, length of gestation, number of pigs born alive, mummified pigs, stillborn pigs, and total number of pigs born. Additional data were collected regarding farrowing dates, parity, and body condition score of the sows at the weaning immediately preceding treatment with tyrosine.
Experiment 3 was conducted at three branch experiment stations of the University of Minnesota, using 127 crossbred (Landrace x Yorkshire) sows (mean parity = 3.5). At weaning, sows were assigned randomly to four treatment groups, with treatments consisting of no supplementation ( n = 3 1 ) or a single daily supplement of 100 mgikg BW of L-tyrosine ( n = 3 1 1, of L-phenylalanine ( n = 3 31, or of L-glutamate ( n = 32) mixed into 1.8 kg of a corn-soybean-based diet. Because the pig can convert phenylalanine to tyrosine, phenylalanine was supplemented to determine whether it would produce effects similar to those of tyrosine. Glutamate was included to determine whether effects were due to tyrosine or to a readily available source of dietary nonspecific N. Data collected included days from weaning to estrus, number of pigs born alive, and total number of pigs born.
Statistical Analyses
All data were analyzed using the GLM procedure of SAS (1988) . In Exp. 1, the model included treatment with tyrosine, farrowing group, and the two-way interaction. In Exp. 2, the model included treatment, parity, treatment x parity interaction, and farrowing group, with days to estrus and(or) body condition score at weaning as covariates. In Exp. 3, the model included parity, station, treatment, and their interactions. Because there were no significant effects of parity, station, or their interactions with treatment,
Experiment 1
Interval from weaning to estrus was unaffected by supplementation with tyrosine ( Table 2) . Number of corpora lutea in the ovaries 5 to 15 d after first detected estrus was similar for both control and tyrosine-supplemented sows (Table 2) .
Experiment 2
Number of sows per parity group (1, 2, 3 + 4, and 2 5 litters) were distributed equally between the two treatments. There were treatment x parity interactions ( P < .05) for gestation length and number of stillborn pigs, but no common pattern was detected across parities. Number of pigs born alive, number of mummies, number of stillborn pigs, and total pigs born increased ( P < .05) with advancing parity.
Interval from weaning to estrus in tyrosine-supplemented sows was 1.9 f .5 d longer ( P < . O l ) than in control sows, but subsequent litter traits of sows that conceived at the first postweaning estrus were similar across treatments ( Table 3 ). The range in days t o estrus was 4 to 25 d for the tyrosine-supplemented sows. When seven sows supplemented with L-tyrosine were excluded (with postweaning intervals of 15, 18, 18, 21, 22, 24, and 25 d) , the means (4.6 k .2 d ) and ranges ( 3 to 7 d ) in days from weaning to estrus were then similar to those for controls.
Experiment 3
Interval from weaning t o estrus was unaltered by supplementing the diet on the day after weaning with tyrosine, phenylalanine, or glutamate (Table 4 1.
Litter traits of sows that subsequently farrowed were similar among supplemented and unsupplemented groups.
Discussion
Supplementation of diets with additional tyrosine on the day after weaning failed to alter ovulation rate (Exp. 1) and days after weaning to estrus (Exp. 1 and 2 ) . A single dietary supplement with tyrosine, phenylalanine, or glutamate on the day after weaning failed to shorten the interval from weaning t o estrus or to improve any of the litter traits examined at the subsequent farrowing (Exp. 3). Our results are in partial agreement with the report by Gindele and Koppen (19891, who also observed no increase in the size of litters of sows treated with L-tyrosine. Those reported a 2-d decrease in the interval from weaning to estrus in sows supplemented with Ltyrosine compared with controls. In contrast, we observed that sows treated with tyrosine had longer intervals to estrus than did unsupplemented sows in Exp. 2, but this was due to seven sows with prolonged postweaning intervals to estrus. In two of these seven sows, which had 24-and 25-d intervals from weaning to estrus, estrus may have been undetected within the normal return to estrus of 4 or 5 d after weaning. The remaining 5 of 60 sows had 15-t o 22-d postweaning intervals to estrus, but all the control sows returned to estrus within 6 d. The absence of prolonged intervals in the controls suggests that the observed effects may have been related to the tyrosine supplement.
The lack of increase in litter size in the present study and in the study by Gindele and Koppen (1989) are in contrast to another study in which there was an increase of two pigs per litter in primiparous and older sows after feeding supplemental L-tyrosine (Hammerl and Russe, 1987b) . Able (1988) failed to observe larger litter sizes in L-tyrosine-supplemented gilts, but they did report increased size of litters and shorter intervals from weaning t o estrus in older sows fed supplemental L-tyrosine. The positive response to Ltyrosine may have occurred in those studies because the supplemented tyrosine increased the concentration of L-tyrosine in the plasma of sows, which is lowest a t weaning and highest at parturition (Knudson, 1990) . Experiments also have indicated that size of litters in rats increased by three pups when L-tyrosine was supplemented continuously in prepubertal rats or in postpubertal rats during several days before estrus (Scheuermann, 1984; Hammerl and Russe, 1987a; Hammerl and Muller, 1988) .
Uptake of L-tyrosine across the blood-brain barrier depends on the concentration of L-tyrosine relative to other large neutral amino acids (i.e., tryptophan, phenylalanine, valine, leucine, and isoleucine), all of which compete for a common membrane-bound transport mechanism (Morre and Wurtman, 1981; Wurtman et al., 1981; Wurtman, 1982) . Supplementing Ltyrosine increased L-tyrosine in the brain of rats (Gibson and Wurtman, 1978; Moya-Huff et al., 19891 , with a subsequent increase in catecholamine synthesis and release from neurons (Wurtman et al., 1974; Gibson and Wurtman, 1978; Tam et al., 1990; Zhang et al., 1990) . The catecholamines, norepinephrine and epinephrine, are major components of the hypothalamic system that controls pulsatile and preovulatory release of LH from the pituitary, and catecholamines may mediate effects of other neurotransmitters and gonadal steroids on release of GnRH (Kalra and Kalra, 1983; Ramirez et al., 1984; Yen and Vale, 1990) . Changes in patterns of LH secretion have been reported in ewe lambs after abomasal infusion of Ltyrosine (Hall et a] ., 1992).
Concentrations of L-tyrosine in the brain and blood plasma were not measured in our experiments. Although the dose per kilogram of BW and source of Ltyrosine were similar to those employed in previous studies with pigs and rats, we failed t o confirm the positive results cited in some earlier work. Under the circumstances of our experimental protocols, L-tyrosine may not have been rate-limiting in the synthesis and release of catecholamines, even though our unsupplemented sows consumed approximately 9.2 g/d of tyrosine, compared with approximately 15 to 24 g/d for the supplemented groups. Lack of tyrosine effects in our studies compared with European studies also might be due to differences in the diets fed to sows on the two continents. Swine diets fed in Germany are based on wheat, oats, and barley, compared with diets based on corn and sorghum grain in the United States. Only one multiple-location study (Hammerl and Russe, 1987b) gave any details regarding the diet fed to sows. The diet (17% C P ) consisted of soybean meal, fish meal ( I 5%), 15% wheat, 30% barley, 36% oats, and 2% vitamin-mineral mix. Based on calculated values (NRC, 19881, content of tyrosine, when expressed as a percentage of total dietary CP, is somewhat lower in wheat (soft = 3.25% and hard = 3.65%), oats (3.81%), and barley (3.04%) than in corn (4.47%) or sorghum (4.16%) grains. Gindele and Koppen (1989) suggested that tyrosine might not become rate-limiting in diets with high contents of all cereal grains if NRC (1988) estimates are used. Nonetheless, it is possible that tyrosine is more limiting in diets of sows fed barley, oats, and(or) wheat and that supplementation with tyrosine might result in improved reproductive performance, as reported in some European studies.
